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1 

!  A  mvi  GRAVIMETRIC  METHOD  FOR  THE  DETERMINATION  OF  TITANIUM. 


INTRODUCTION. 
The  methods  for  the  gravimetric  do termination  of 
Titanium  which  are  used  at  the  present  tir.e  are  those  r;hich  have 
been  used  for  the  last  twenty  years  or  more,  no  recent  method 
showing  any  improvement  over  the  so-called  standard  methods. 
These  methods  are  very  long,  and  while  they  are  capable  of  giving 
accurate  results,  they  are  entirely  unsuited  for  analytical  work 
in  which  a  fair  amount  of  rapidity  is  required.     Kany  methods 
have  been  published  v/hich  appear  to  possess  advantages  over  the 
older  methods,  but  they  have  not  proven  satisfactory.     It  is  but 
recently  that  titanium  has  been  of    sufficient-^  technical  impor- 
tance to  demand  better  and  more  rapid  methods  for  its  determina- 
tion. 

It  seems  that  no  one  experimenter  has  made  a  special 
study  of  the  gravimetric  methods  of  determination,  but  many  have 
contributed  methods.     Among  the  methods  which  are  used  most  fre- 
quently, and  which  appear  in  our  best  works  on  Quantitative  Anal- 
ysis are: 


1.  Gooch  Method.— 

4 

2,  Baskerville '  £3  Method  as  revised  by  Sidener.  — 

5 

2,     Classen  Method.— 

4.  Sodium  Carbonate  and  double  Potassium  acid-sulphate 

8 

Ivlethod."" 

I  9 

5.  V/oller  Colormetric  Method,-^ 

A 

The  Gooch  method  is  summarized  as  follows 
Fuse  the  ore  v/ith  sodium  carbonate,  leach  v/ith  water,  fuse  the 
residue  with  potassium  disulphate,  dissolve  melt  in  v/ater,  treat 
with  tartaric  acid,  pass  in  hydrogen  sulphide,  filter  off  the 
iron  sulphide,  treat  filtrate  with  potassium  permanganate,  sul- 
phurous acid,  neutralize  v/ith  ammoniuim  hydroxide,  add  acetic  acid, 
boil  the  precipitate,  collect  on  a  filter,  ignite  and  weigh.  The 
methodi  in  detail  is  as  follows 

Weigh  out  on  a  tared  watch  glass,  5  grams  of  the 
finely  ground  ore  and  fuse  in  a  platinum  criAcible  ?;-ith  12  grams 
of  sodium  carbonate  until  it  comes  to  a  quiet  fusion.     This  remov- 
es nearly  all  of  the  aluminum,  silicc^  and  phosphorous,  the  ti- 
tanium being  left  as  the  insoluble  sodium  tital'^ate  v/ith  the  fer- 
ric oxide.     Digest  the  melt  on  the  steam  bath  until  it  separates 
from  the  crucible.     Filter  the  residue  on  a  small  filter,  wash 
with  2^'  sodium  carbonate  solution.     Place  filter  paper  and  con- 
tents in  a  platinum  crucible  and  ignite  over  a  low  Bunsen  flame, 
When  the  filter  paper  is  completely  burned,  heat  in  a  flame  of 
blast  lamp  for  5  minutes,  then  fuse  with  8  grams  of  potassium  acid 
sulphate  for  1/2  hour,  keeping  the  mass  in  a  liquid  state,  and  so 
that  fumes  of  sulphuric  anhydride  evolve  when  the  cover  of  the 
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crucible  is  raised.     If  the  sulphate  is  added  in  successive  small 
quantities,  the  danger  of  the  fused  mass  boiling  over  is  consid- 
erably lessened.     Allow  the  melt  to  cool,  then  dissolve  in  200 
c.c,  of  cold  water.     The  titanic  acid,  iron  and  other  bases  go 
into  solution  as  sulphates,  while  any  silica  present  remains  as  a 
residue.     Saturate  the  hot  solution  with  hydrogen  sulphide  and  j 
make  slightly  ammoniacal.     By  this  means  all  of  the  iron  is  pre- 
cipitated as  ferrous  sulphide,  while  the  aluminum  and  titanium  ' 
remain  in  solution.     Filter  off  the  ferrous  sulphide  and  acidify 
the  filtrate  with  sulphuric  acid,  heat  to  boiling  and  filter  off 
the  precipitate  of  sulphur  and  platinum  sulphide  (the  latter  from 
the  cmAcible),     Boil  the  filtrate  to  expel  the  last  traces  of  hy- 
drogen sulphide,  and  destroy  the  tartaric  acid  by  adding  4  grams 
of  potassium  permanganate.     Then  add  sulphurous  acid  until  the 
precipitated  manganese  dioxide  redissolves  after  which  add  a  slighi 
excess  of  ammonia,  then  7  -  10  c.c.  of  glacial  acetic  acid  for 
each  100  c.c.  of  the  solution.     Boil  the  solution  one  minute  and 
allow  the  precipitate  to  settle  and  decant  the  filtrate  through 
an  ashless  filter  paper,  transfer  the  precipitate  to  the  filter, 
wash  with  7$!^  acetic  acid  and  finally  with  hot  water.     Ignite  the 
precipitate  and  filter  paper  in  a  weighed  platinum  crucible  for 
20  minutes.  j 

The  precipitate  may  contain  manganese  and  alumina, 
and  in  order  to  eliminate  them,  fuse  it  with  3  grams  of  sodium 

carbonate  for  30  minutes,  leach  the  melt  with  cold  water  leaving 
the  sodium  meta-titanate  and  some  alurina  undissolved.     Filter  off' 
the  precipitate  and  ignite  it  in  a  platinum  crucible,  fuse  again 
v/ith  1/2  gram  of  sodium  carbonate.     After  cooling,  dissolve  the 
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contents  of  the  crucible  in  2  c.c.  of  sulphuric  acid  (1  c.c. 
SO^  to  1  c.c,  HoO),  dilute  to  200  c.c.  and  treat  with  5  grams  of 
sodium  acetate  and  l/lO  of  its  volume  of  glacial,  acetic  acid. 
Boil  one  minute,  allow  the  precipitate  to  settle,  filter  and  wash 
the  residue  with  7fc  acetic  acid,  and  finally  with  hot  water,  dry, 
ignite  and  weigh.     The  precipitate  may  still  contain  alumina,  so 
fuse  it  again  with  sodium  carbonate  and  treat  the  melt  v/ith  sul- 
phuric acid  etc.,  as  described  above.     Repeat  the  process  until 
a  constant  v;eight  is  obtained. 

4 

Baskerville ' s  Method—  as  revised  by  Sidener  seems 
to  be  an  improvement  over  the  other  mxOthods  and  is  as  follovrs:- 

Puse  the  ore  with  potassium  acid  sulphate  and  sodium 
fluoride.     Then  add  sulphuric  acid,  dilute  the  mixture,  treat  with 
sulphurous  acid,   scdium  acetate  and  acetic  acid.     Boil  the  mix- 
ture, filter  off  th.e  precipitate,  dry,   ignite,  and  weigh.  The 
method  in  detail  is  as  follov/s:-      Intimately  mix  one  gram  of  the 
f inel^^  ground  ore  with  12  grams  of  potassium  acid  sulphate  and  2 
grams  of  sodium  fluoride  and  fuse  in  a  platinum  crnacible  at  a  low 
heat  until  the  mass  is  in  liquid  state,  then  keep  the  heat  so  reg- 
ulated that  the  mass  is  just  liquid,  and  that  fumes  of  sulphuric 
anhydride  evolve  when  the  cover  of  the  crucible  is  raised,  until 
all  the  particles  of  the  ore  disappear.    Vfhen  the  fusion  is  cool, 
add  5  c.c.  of  con.  sulphuric  acid  and  carefully  heat  the  mass  un- 
til it  is  just  liquid.     Wcien  the  melt  is  cool,  place  the  crucible 
with  contents  in  a  No.  5  beaker  containing  200  c.c.  of  a  5^  sul- 
phuric acid  solution.     Kcat  so  that  the  temperature  of  the  beaker 
and  contents  does  not  reach  a  point  which  the  palm  of  the  hand 
cannot  comfortably  stand.     The  molt  should  dissolve  completely  to 


« 


a  clear  solution.     The  determination  of  the  titanium  dioxide  1b 
very  similar  to  that  method  used  by  Gooch  and  is  as  follows 

Add  5(%  CO.  of  sulphurous  acid  to  the  clear  sol- 
ution and  heat  gently  for  10  minutes.     Cool  the  solution  and  neut- 
ralize vj-ith  ammonia  until  the  precipitate  ivhich  forms  just  dis- 
solves.    Add  10  c.c.  of  sulphurous  acid,  20  grams  of  sodium  acet- 
ate and  1/6  the  volume  of  acetic  acid (sp.gr.  1.04),  and  heat  to 
boiling,  when^  the  titanium,  should  separate  out  as  a  white  floc- 
culent  precipitate.     Digest  on  the  steam  bath  for  50  minutes 
which  insures  complete  precipitation  of  titanic  acid.     Allow  the 
precipitate  to  settle,  filter  on  an  ashless  filter  paper,  vrash 
with  5f:  acetic  acid,  and  finally  with  hot  vfater.     This  precipitate 
is  contaminated  with  iron,  alkali  sulphates,  alumina,  and  phos- 
phoric acid,  and  in  order  to  eliminate  these,  ignite  filter  paper 
and  contents  in  a  platinuin  crucible  until  the  carbon  of  the  filter 
paper  is  burned,  then  fuse  vfith  8  grams  of  sodium  carbonate  free 
from  potassium  carbonate,  and  2  grams  of  sodium  nitrate.  This 
forms  soluble  phosphates  and  aluminates  of  sodium  and  at  the  same 
time  converts  the  titanium  into  insoluble  sodium  titanate,  and  the 
iron  into  insoluble  ferric  oxide.     An  hour's  fusion  with  the 
strong  flame  of  the  blast  lamp  is  necessary  to  bring  about  these 
changes  completely.     Allow  the  melt  to  cool,  then  boil  with  a 
strong  solution  of  sodium  carbonate  for  20  minutes,  filter  hot  and 
wash  with  lOfi  solution  of  sodium  carbonate.     Collect  the  insoluble 
sodium  titanate  and  ferric  oxide  on  a  filter  paper  and  dry  for  one 
hour  in  an  air  bath  at  110*^  C,     Transfer  the  residue  to  a  platinum, 
crucible  and  burn  the  filter  paper  on  a  platinum  wire  and  add  the 


residue  to  the  crucible.     Fuse  the  contents  of  the  crucible  v:ith 
2  grams  of  sodium  carbonate  and  treat  the  cooled  mass  with  2  c.c. 
of  sulphuric  acid,  1  c.c.  acid  to  1  c.c.  water  and  gradually  ap- 
ply heat  mitil  fumes  of  sulphuric  8.nhydride  evolve.    Allow  to 
cool,  dissolve  the  pasty  mass  in  a  mixture  of  200  c.c.  of  water 
and  20>t  c.c,  of  sulphurous  acid.     Neutralize  with  ammonia  until 
the  precipitated  titanic  acid  dissolves  v^ith  difficulty,  add  5 
grams  of  sodium  acetate  in  solution  and  25  c.c.  of  acetic  acid 
(sp.gr.  1.04).     Boil  for  1/4  hour,  digest  on  a  steam  bath  for  1/2  | 
hour,  filter  tlie  precipitate  on  an  ashless  filter  paper,  wash,  with 
hot  5^  acetic  acid,  and  finally  v^ith  hot  water.     Ignite  in  a  weigh-- 
ed  platinum  crucible  over  a  blast  lamp,  heat  for  at  least  20  min- 
utes and  weigh  as  pure  titanium  dioxide, 

5 

Classen's  method—  of  separating  iron  and  titanium 
and  determining  the  latter  depends  upon  the  fact  that  in  an  alk- 
aline solution  of  hydrogen  peroxide,  titanium  is  held  in  solution,  j 
while  iron  is  precipitated  as  ferric  hydroxide.     The  procedure  is 
as  follows:-  j 

Dissolve  1  gram  of  the  ore  in  lotlf  c.c.  of  concen-  j 
t rated  hydrochloric  e.cid,  and  precipitate  as  usual  v/ith  ammonium  ; 
hydroxide.     Dissolve  the  precipitate  of  ferric  hydroxide  and  ti- 
tanic acid  in  hydrochloric  acid  (sp.gr.  1.12),  add  50  c.c.  of 
hydrogen  peroxide,  25  c.c.  of  potassium  hydroxide  ( sp.gr . 1.50 ) ,  j 
dilute  to  500  -  1000  c.c,  according  to  the  amount  of  the  precip- 
itate and  then  allow  the  ferric  hydroxide  to  settle.     The  titanium 
remains  in  solution.     Pour  into  a  beaker,  allow  to  settle,  and 
then  siphon  off  an  aliquot  part.     V/ash  the  precipitate  with  a  mix- 
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turc  of  hydrogGn  peroxide  and  potassium  hydroxide  in  water (about 
10/^  of  potassium  hydroxide)  and  continue  the  v/ashing  until  a  few 
c.c.  of  the  filtrate  give  no  test  for  titanium.     Heat  the  alkaline 
filtrate  containing  the  titanium  in  a  covered  dish  on  a  water  j 
bath,  to  destroy  the  excess  of  hydrogen  peroxide.     Any  yellow 
precipitate  which  settles  out  at  this  point,  consists  of  titanium 
trioxide  mixed  witii  titanic  acid,     wlien  tlie  evolution  of  gas  has 
ceased  acidify  the  solution  with  hydrochloric  acid,  heat  until 
the  solution  is  colorless  and  add  ammonium  hydroxide  in  excess. 
Filter  out  the  precipitated  titanic  acid,  v/ash  with  hot  water,  ig- 
nite, weigh.     Purify  until  constant. 

The  sodium  carbonate  and  double  fusion  with  potas- 

8  1 
slum  acid  sulphate  method""  is  quite  similar  to  the  Gooch  method—. 

Fuse  the  finely  ground  ore  with  sodium  carbonate,  dissolve  in  hot 
water,  filter,  ignite  residue,  fuse  in  platinum  cirucible  v/ith 
potassium  acid  sulphate,  leach  with  a  weak  solution  of  sulphurous 
acid,  treat  with  acetic  acid,  sodium  acetate  and  then  boil.  Col- 
lect precipitate  on  filter,  ignite  and  weigh.  j 

The  method  in  detail  is  as  follows:-    Fuse. 5  grams 
of  the  finely  ground  ore  with  10  grams  of  sodium  carbonate  in  the 
flame  of  a  blast  lamp  until  it  comes  to  a  quiet  fusion.     Cool  and 
leach  with  hot  water  until  the  melt  separates  completely  from  the 
crucible.     Filter  on  an  ashless  filter  paper  and  wash  with  hot  ?J^-, 
sodium  carbonate  solution.     Ignite  the  residue  in  a  platinum  cruc- 
ible and  fuse  with  8  grams  of  potassium  acid  sulphate  for  30  min- 
utes.    Cool  and  dissolve  the  melt  in  400  c.c,  of  sulphurous  acid 
which  keeps  the  iron  reduced  in  the  ferrous  state.     Add  20  grams 
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of  sodium  acetate  and  100  c.c.  of  acetic  acid  (sp.gr.  1.04).  Boili 
for  10  minutes,  allow  the  precipitate  to  settle,  filter,  wash 
with  5^  acetic  acid,   ignite  and  v;eigh.     This  precipitate  contains 
some  iron  and  alumina  as  impurities,  and  in  order  to  remove  them, 
fuse  again  with  8  grams  of  potassium  acid  sulphate,  and  carry  out  i 
exactly  as  before,     Tre  second  v;eighing  of  the  precipitate  should  \ 
correspond  to  the  weight  of  the  titanium  dioxide  in  the  sample,  1 
TJ"eller's  Coloipietric  Method-^,  has  given  satisfactory  : 
results  for  ores  containing  less  than  4/^  of  titanium.     It  depends 
upon  the  fact  that  in  acid  solution  titanium  is  oxidized  to  a  hi- 
gher  oxide,  probably  titanium  trioxide""  by  means  of  hydrogen  per- 
oxide.    This  higher  oxide  colors  the  solution  yellow  to  reddish, 
depending  upon  the  amount  of  the  titanium  present  and  this  gives 
a  method  for  the  coloi^netric  estimation  of  the  titanium.  This 

Q  4 

method—  is  the  same  as  revised  by  Sidener^  up  to  the  point  of  the 
solution  of  the  potassium  acid  sulphate  melt  in  cold  water.  Dil- 
ute the  clear  solution  to  500  c,c,  with  5^  sulphuric  acid  and  mix 
thoroughly.     Fait  50  c,c.  into  a  comparison  tube.     Into  a  second 
comparison  tube  put  as  much  of  a  standard  ferrous  ammonium  sul- 
phate solution  containing  5^^  sulphuric  acid  as  will  contain  an 
amount  of  iron  equal  to  that  in  0,1  gram  of  ore  and  dilute  to  50 
c.c.  v/ith  5fj  sulphuric  acid.     Add  to  each  tube  5  c.c,  of  strong 
hydrogen  peroxide  and  in  addition,  to  the  second  a  sufficient 
amount  of  a  standard  solution  of  titanium  sulphate  to  match  the 
color  in  the  first  tube.     From  the  amount  of  the  standard  titanium 
solution  required  to  give  the  color,  calculate  t]-e  percentage  of 
titaniiAm  dioxide  present  in  the  sample. 
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The  standard  titanium  sulphate  colution  may  be  pre- 
pared thus:-    fuse  5  grains  of  pure  titanium  dioxide  in  a  platinum 
crucible  with  5  grams  of  potassium  acid  sulphate.     Cool  and  dis- 
solve the  melt  in  5^.  sulphuric  acid.     Dilute  the  solution  with 
bfo  sulphuric  acid  to  v500  c.c. 

The  methods  for  deteraining  titanium  which  have  just 
been  described  have  certain  disadvantages.     One  which  is  charact- 
eristic of  them  all  is  that  the  amount  of  time  required  to  carry 
through  the  deteraiination  is  entirely  too  great. 

Of  the  methods  v/hicli  have  just  been  described  the  ' 

ij 

following  were  used  for  the  determination  of  titanium  in  the  ore  1 
which  was  used  in  this  investigation.     This  ore  v/as  a  titanium 
iron  ore,  and  contained  the  usual  impurities  with  the  exception 
of  phosphorous, 

Gooch  Method. 

The  main  difficulty  met  with  in  the  Gooch  method  in 
addition  to  length  of  time  required  for  an  analysis  was  in  dis- 
solving the  precipitated  manganese  dioxide  vrith  sulphurous  acid. 
This  required  a  large  volume  of  the  latter,  increasing  the  sol- 
ution to  such  a  volume  that  it  was  difficult  to  handle.     By  this 
method,  only  one  determination  of  the  ore  v/-as  obtained.     The  amount 
of  titanium  dioxide  present  was  found  to  be  10.5^  percent. 
Baskerville ' s  Method. 

Baskorville * s  method^  as  revised  by  Sidener^  other 
than  being  a  long  determination  possesses  no  disadvantages.  The 
ore  W8.S  found  to  contain  14.10fb  and  14.17^  by  this  method,  i 

Classen's  and  17eller*B  methods  were  not  tried  in 
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connection  with  this  investigation. 

The  sodium  carbonate  and  double  potassium  acid  sul- 

8 

phate  method""  hae^^its  main  difficulty  the  keeping  of  the  iron 

reduced  with  sulphurous  acid  to  prevent  its  separating  out  v/ith 

the  titanic  acid.     Four  determinations  were  made  of  the  ore  by 

this  method  with  the  following  percents  of  titanium  oxide  found 

to  be  present:     14,50,  14.11,  15.50  and  14,71, 

Cf  the  methods  used  in  this  investigation  that  of 

Baskerville  as  revised  by  Sidener  seoms  to  give  the  best  satis- 

possesses 

faction.  The  method  other  than  being  long  ^  no  difficulties 
characteristic  of  the  other  methods  used,  and  in  m.y  estim.ation  is 
preferable , 

From  the  foregoing  analyses,  the  m.ean  of  the  results 
14,10,   14,17,   14,11  was  considered  tl^e  true  percent  of  the  titan- 
ium in  the  ore,  thus  giving  the  value  14.13, 

The  object  of  this  thesis  was  to  find  some  method 
by  which  the  ore  could  be  decomposed,  converting  the  titanium  to 
a  soluble  form  and  at  the  same  time  separo^ting  it  from  the  iron 

which  causes  the  most  difficulty  in  all  determinations.     The  meth- 

5 

od  used  was  suggested  by  Classen* s  method"",  which  depends  upon  the 

fact  that  in  an  alkaline  solution  of  hydrogen  peroxide,  titanium. 

5 

is  held  in  solution  probably  as  titanium  trioxide    while  any  iron 
present  is  precipitated  as  ferric  hydroxide.     It  was  considered 
possible  that  the  fusion  of  a  titanium  compound  with  sodium  per- 
oxide might  give  the  same  reaction  as  an  aqueous  solution  of  sod- 
ium hydroxide    and  hydrogen  peroxide, that  is,  that  by  fusion  the 
titanium  would  be  oxidized  to  a  compound  corresponding  to  titaniiim 
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trioxide  by  the  sodium  peroxide  so  that  on  leaching  the  fused 
mass  with  water  the  titanium  would  dissolve  in  the  alkaline  sol- 
ution, leaving  the  iron  precipitated  as  ferric  hydroxide.  This 
fusion  with  sodium  peroxide  was  tried  qualitatively  with  pure  ti- 
tanium dioxide  and  also  with  a  titanium  iron  ore.     The  results 
showed  in  each  case  th^t  titanium  is  taken  into  solution,  the 
iron  in  the  case  of  the  ore  being  left  as  the  insoluble  hydroxide. 


EXPERIMENTAL, 
(a)     In  order  to  learn  whether  other  "per"  salts 
react  v/ith  titanium  in  a  similar  manner  to  sodium  peroxide,  a 
series  of  experiments  was  carried  out,  v.'ith  the  hope  of  decom.pos- 
ing  the  ore  by  means  of  another  reagent,  the  violence  of  the  re- 
action of  sodium  peroxide  restricting  its  use  to  silver,  nickel 
and  iron  crucibles. 

The  following  experiments  were  carried  out  for  this 
purpose,  an  iron  crucible  being  used  in  each  case. 

(1)  ,     0.5  grams  of  ore  fused  with  5  grams  of  KgC^Og. 
Fusion  clear,  no  titanium  went  into  solution  on  adding  water. 

(2)  .     0.5  grams  of  the  ore  fused  with  5  grams  of  Kj^SgOg. 
Fusion  not  clear,  did  not  dissolve  but  adhered  to  crucible, 

v5).     0,5  grams  of  the  ore  fused  with  5  grams  K^G^O^  and 
5  grams  K^S^Gq,     Fusion  not  clear,  no  titanium  went  into  solution. 

<5    t:-  o 

(4).     0.5  grams  of  the  ore  fused  with  7  grams  KoCgOg  and 
3  gram.s  K  S^Op.     Did  not  come  to  a  clear  fusion. 


From  this  series  of  experiments  it  was  concluded 
that  under  these  conditions  the  other  "per"  salts  do  not  react 
like  the  sodium  peroxide,   so  they  cannot  be  used  to  decompose  the 
ore . 

(b)  Length  of  time  of  fusion. 

(5)  1.  gram  of  the  ore  fused  with  10  grams  of  sodium 
peroxide  for  10  minutes,  test  for  titanium  was  given  by  the  solu- 
tion but  fusion  adhered  to  crucible, 

(6)  ,     1,  gram  of  tho  ore  fused  with  10  grams  of  sodium 
peroxide  for  20  minutes,  fusion  clear,  titanium  test  given  but 
fused  mass  adhered  to  ciTUcible.  ] 

From  this  series  of  experiments  it  vms  learned  that  | 
a  fusion  of  20  minutes  gave  better  results  than  the  shorter  fusion, 

T^ith  sodium  peroxide  alone  it  was  learned  that  satisfactory  fusions 

I 

cannot  be  obtained.     It  was  found  that  if  sodium  carbonate  is  mix- 
ed with  sodium  peroxide,  a  satisfactory  fusion  results.  ij 

(c)  .     Experiments  to  find  the  best  proportions  of 
mixture  of  sodium  peroxide  and  sodium  carbonate  for  this  partic- 
ular ore, 

(7)  .     1.  gram  of  the  ore,  heated  with  6  grams  of  sodium 
peroxide  and  4  grams  of  sodium  carbonate  for  20  minutes,  would  not 
fuse , 

(8)  .     1.  gram  of  the  ore,  heated  yilth  6  grams  of  sodium 
peroxide  and  2  grams  of  sodium  carbonate  for  20  minutes  came  to 

a  molten  condition,  but  ad'ered  to  crucible  when  water  was  added. 

(9).       1.  gram  of  tho  ore  fused  with  S  grams  sodium  per- 
oxide and  2  grams  sodium  carbonate  came  to  a  clear  fusion  in  5 
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minutes  but  also  adhered  to  the  crucible. 

(IC).     1.  gram  of  the  ore  fused  with  10  grams  of  sodium 

i| 

peroxide  and  1,  gram  of  sodium  carbonate  came  to  a  clear  fusion  irs' 
5  minutes,  vigorous  action  when  treated  with  water,  but  also  ad-  , 
hered  to  tl  e  crucible. 

^11).     1,  gram  of  the  ore  fused  with  12  grams  sodium  per- 
oxide and  1.  gram,  sodium  carbonate  for  ^0  minutes.     Fusion  clear, 
vigorous  action  when  v/ater  v/as  added,  dissolved  completely  out  of 

crucible,  gave  test  for  titanium.,  ^ 

I 

Thus  it  was  found  that  sodium  carbonate  was  neces- 
sary to  aid  the  sodium  peroxide  to  decompose  the  ore,  and  that 
the  proportions  for  this  particular  ore  are  12  grams  of  sodium, 
peroxide  to  1  gram  of  sodium,  carbonate, 

(d)  .     Influence  of  the  temperature  at  which  the  fus- 
ion is  m.ade,  I 

(12)  ,     1,  gram  of  the  ore  fused  v/ith  12  grams  of  sodium 
peroxide  and  1  gram  sodium  carbonate  for  20  minutes,  treated  with 
water,  tested  for  titanium,  showed  it  to  be  present.     The  heat 

T/as  from  a  low  flame  of  a  Bunsen  lamp.  ^ 

(13)  .     Same  experiment  except  the  fusion  was  for  25  min- 
utes at  a  high  heat.     Dissolved  out  completely  but  gave  no  test 
for  titanium,  j 

Thus  it  was  found  that  in  order  to  decompose  this  i 
ore  and  keep  the  titanium  in  solution  the  fusion  must  be  carried 
on  at  a  low  temperature, 

(e)  ,     Experim.ent  to  find  method  of  dissolving  fusion! 


-14- 

(14).     1.  gram  of  the  ore  fused  for  20  minutes  in  an 
iron  crucible  at  a  low  heat.     The  crucible  and  contents  were  al- 
lowed to  cool,   then  placed  in  a  400  c.c,  casserole,  and  a  stream 
of  water  from  a  wash  bottle  directed  on  the  fused  mass.  Vigorous 
action  took  place  and  tbe  mixture  became  hot.     Allowed  action  to 
cease,  diluted  contents  of  casserole  to  500  c.c,  in  a  graduated 
flask.    Allowed  the  precipitated  ferric  hydroxide  to  settle,  then 
200  c.c,  of  the  clear  solution  was  filtered  off  into  a  clean  beak- 
er.    This  filtrate  on  being  tested  showed  no  iron  to  be  present. 
The  titanium  was  determined  by  boiling  in  the  usual  vmy  v/ith  sod- 
ium acetate  and  acetic  acid,     9  percent  of  titanium  dioxide  v>ras 
found  to  be  present.     The  precipitate  was  not  purified, 

(15,,     1,  gram  of  the  ore  was  similarly  treated,  but  v/as 
allowed  to  go  into  solution,  cooled  by  immersing  cmcible  and  con- 
tents in  a  beaker  of  400  c,c.  of  cold  water.     The  titanium  dioxide 
was  determined,  13,40  percent  of  the  unpurified  titanium  dioxide 
being  found. 

Thus  in  order  to  get  a  complete  solution  of  the 
titanium,  it  must  be  dissolved  out  of  the  mass  cold,  since  the 
heat  generated  when  the  fusion  is  dissolved  in  a  small  amount  of 
water  seems  to  break  up  the  soluble  titanium  compound, 

(f).     Experiment  with  a  larger  amount  of  ore, 
(16),     1,5  grams  of  the  ore  was  fused  v;ith  12  grams  of 
sodium  peroxide  and  1  gram  of  sodium  carbonate  in  an  iron  crucible 
for  20  minutes  using  a  low  flame.     The  mass  was  allowed  to  cool, 
then  was  immersed  in  a  beaker  containing  600  c.c.  of  cold  vmter, 
V/hen  the  vigorous  action  had  ceased,  removed  the  crucible,  washed 
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it  thoroughly,  and  transferred  the  solution  to  a  litre  graduated 
flask  and  diluted  to  mark.     Filtered  off  a  portion  of  the  clear 
solution,  discarded  the  first  25  c.c,  and  took  500  c.c.  of  the 
filtrate.     This  was  acidfied  with  sulphuric  acid,  20  grams  of  sod- 
ium acetate  and  90  c.c,  of  acetic  acid  ^sp.gr.  1.04)  were  added 
and  "boiled  until  the  titanic  acid  separated  out.     This  required 
one  and  one-half  hours  boiling,  as  it  vras  necessary  to  expel  the 
excess  of  hydrogen  peroxide  before  the  titanium  would  precipitate. 
This  excessive  boiling  was  avoided  hereafter  by  destroying  the 
hydrogen  peroxide  with  50  c.c.  of  sulphurous  acid.     The  precipi- 
tate was  allowed  to  settle,  filtered  on  an  ashless  filter  paper, 
ignited  and  weighed.     This  determination  gave  17,97  percent  of 
titanium  present  in  the  ore, 

(g).     Purification  of  the  precipitate.  ' 

(17).     In  order  to  show  whether  or  not  the  precipitate 
contained  silica  as  an  impurity,  2  c.c,  of  con,   sulphuric  acid, 
1  c,c,  of  water  and  4  c,c.  of  hydrofluoric  acid  were  added  to  the 
platinum  cmicible.     On  evaporating  to  dryness,  igniting  and  weigh- 
ing the  precipitate  there  was  no  loss  in  weight,  sho?/ing  that  the 
silica  had  been  previously  removed.     The  principle  impurity,  there-j 
fore,  is  alumina.     In  order  to  remove  it  the  folloxving  method  of 
purification  was  tried. 

(18.)     The  precipitate  was  fused  with  10  grams  of  sodium 
carbonate  for  20  minutes.     The  melt  was  boiled  with  25f?  sodium 
carbonate  solution  and  filtered.     The  residi.ie  vms  washed  with  2fo 
sodium  carbonate  solution,  then  dissolved  in  10  c.c.  of  hot  con. 
hydrochloric  acid.     The  dissolved  residue  was  neutralized  with 
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sodlum  carbonate,  then  treated  with  20  grams  of  sodium  acetate 
and  50  c.c.  of  acetic  acid.     This  mixture  was  poured  into  a  beaker 
containing  400  c.c.  of  boiling  water,  the  precipitate  of  titanic 
acid  was  formed  at  once,  v/as  allovired  to  settle,  filtered,  ignited 
and  weighed.     During  this  purification  over  4^  was  lost.  Several 
determinations  were  made  by  this  method  with  the  following  re- 
sults; 16.75^,   17,97f^  and  15.94f.  before  purification  and  12.60^, 
14.84^  and  12.91^  respectively  after  purification.     It  was  thought 
probable  that  this  disagreement  might  arise  from  the  method  of 
purification.     To  test  this  method,   .12  grams  of  pure  titanium 
dioxide  was  fused  with  7  grams  of  sodium  carbonate  and  purified 
as  above  with  the  follov/ing  results:  weight  of  pure  titanium  di- 
oxide taken,  two  samples  of  .12  grams  each,  weight  found  after 
purification  ,0677  and  .0683  grams.     The  above  m.ethod  of  purific- 
ation, therefore,  is  very  inaccurate. 

Gooch's  m.ethod  of  purification  as  given  by  Tread- 

2 

well"  was  then  tried,  and  a  series  of  experiments  run  in  order  to 
test  the  accuracy  of  the  sodium  peroxide  method,  with  the  follow- 
ing results:  percent  of  titanium  peroxide  13.56;  13.33;  13.10; 
13,45;  13.45;  with  the  mean  of  13.38. 

CONCLUSION. 

The  values  for  the  amount  of  titanium  in  the  ore 
obtained  by  the  method  worked  out  in  this  investigation  will  be 
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seen  to  agree  with  each  other,  but  their  mean  (15,38)  is  consider- 
ably lower  than  the  value  ^14.12)  obtained  for  the  ore  by  the 
standard  methods  in  use  at  the  present  time.     The  source  of  the 
error  which  causes  the  difference  may  lisin  one  of  three  parts  of 
the  determination;  decomposition,  precipitation  or  solution.  That 
it  is  not  due  to  incomplete  decomposition  is  evident  from  the  fact 
that  the  ferric  hydroxide  left  after  dissolving  sodium  peroxide 
fusion  in  water  is  completely  soluble  in  acid  and  shov/s  no  par- 
ticles of  undecomposed  ore.  j 
The  precipitation  as  carried  out  is  made  under  exact- 
ly the  same  conditions  as  in  the  determination  of  titanium  by  stan- 
dard methods-:     consequently  it  should  be  as  complete  as  when  those 
m.ethods  are  used.     That  this  is  true  is  borne  out  by  the  fact  that 
the  filtrate  from  the  titanium  precipitation  on  being  tested  with 
hydrogen  peroxide  and  sulphuric  acid  gave  no  test  for  titanium. 
It  seems  logical,  therefore,  to  conclude  that  the  source  of  error 
must  lie  in  incomplete  solution,  a  certain  amount  of  the  titanium 
remaining  with  the  ferric  hydroxide.     Further  experim.ents  to  elim- 
inate the  error  should  be  directed  toward  this  part  of  the  deter- 
mination. 
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